Three strains of a gram-negative coccus which exhibits twitching motility and which grows in a monolayer of cells on non-lipid-containing media were isolated from freshwater. A new genus, Agitococcus, with a single species, A . lubricus sp. nov., is proposed for these strains. The type strain of this species is UQM 1981. During an investigation of the microflora of Queensland freshwater deposits, 18 strains of a coccus producing a monolayer of cells on lake water agar (LWA) and exhibiting twitching motility were isolated. The morphology and distribution of cells in the spreading microcolonies closely resembled those of the cells featured by Winogradsky for Nitrosococcus nitrosus (20), but these strains proved to be unrelated to it. The deoxyribonucleic acid (DNA) base ratios of some of these strains are considerably different. Three strains with essentially identical DNA base ratios have been fully characterized and are herewith described as belonging to a new genus and species. Studies on the other strains are continuing.
Three strains of a gram-negative coccus which exhibits twitching motility and which grows in a monolayer of cells on non-lipid-containing media were isolated from freshwater. A new genus, Agitococcus, with a single species, A . lubricus sp. nov., is proposed for these strains. The type strain of this species is UQM 1981. During an investigation of the microflora of Queensland freshwater deposits, 18 strains of a coccus producing a monolayer of cells on lake water agar (LWA) and exhibiting twitching motility were isolated. The morphology and distribution of cells in the spreading microcolonies closely resembled those of the cells featured by Winogradsky for Nitrosococcus nitrosus (20) , but these strains proved to be unrelated to it. The deoxyribonucleic acid (DNA) base ratios of some of these strains are considerably different. Three strains with essentially identical DNA base ratios have been fully characterized and are herewith described as belonging to a new genus and species. Studies on the other strains are continuing.
MATERIALS AND METHODS
Bacterial strains. The strains of bacteria used in this study are listed in Table 1 .
Media. All media were sterilized by autoclaving at 121°C for 15 min. (i) For LWA, lake water was filtered through a 2 . 0 9 1 Sartorius membrane filter to remove optically visible particles. The medium was solidified with 1.5% agar (Difco). (ii) For lake water-Noble agar, filtered lake water was solidified with 1.5% Noble agar (Difco). The pH (6. (vii) Tween 80 agar (T80A) contained: Tween 80 broth l,OOO.O ml; and agar (Difco), 15.0 g. (viii) For lecithin agar, a sterilized lecithin emulsion was added to slightly concentrated CYEA modified to yield a medium in which the final concentration of ingredients after addition of lecithin was the same as normal CYEA. (a) To prepare lecithin emulsion, 2.5 g of lecithin was added to 75.0 ml of distilled water, the pH was adjusted to 7.2, and the emulsion was sterilized at 121°C for 15 min. (b) modified CYEA consisted of: Casitone (Difco), 5.0 g; yeast extract (Difco), 3.0 g; MgS04-7Hz0,2.0 g; distilled water, 850.0 ml; and agar (Difco), 15.0 g; pH adjusted to 7.2. To 425.0 ml of modified CYEA, 75.0 ml of lecithin emulsion was added to produce lecithin agar.
Isolation procedure. The original isolates were obtained from surface waters of the littoral zone of University Lake, Brisbane, Australia. Single drops of water samples were allowed to flow across the surface of LWA. Excess moisture was evaporated from the surface at 22°C in a sterile atmosphere. Plates were incubated and examined periodically with a Leitz PHACO 32x phase-contrast objective. Typical microcolonies normally appeared within 14 h and were selected with a microloop with equipment and methods described by Skerman (14) . Microcolonies formed from isolated cells were transferred to lake waterpeptone-yeast extract agar and later transferred to T80A.
Photography. A sterile slide was placed on the surface of an LWA plate. Over this slide 7.0 ml of LWA was poured and allowed to set; a layer of medium 0.7 mm thick was thus produced on the surface of the glass. The agar above the slide was inoculated by flowing a drop of cell suspension along the surface. The plate was dried at 22OC in a sterile atmosphere. After incubation of the plates for 19 h, the slide was excised from the plate, and the microcolonies were covered with a clean cover glass and photographed under a phase-contrast objective ( 1 0 0~) with an Olympus PM-6 camera attachment and EMM-6 exposure meter. Kodak Plus-X Pan film and a green filter were used.
Cellular morphology and staining reactions. Cell size was determined from photographs of microcolonies. Impressions of microcolonies were stained by the Bartholomew method (13) for the Gram stain. Strains grown on T80A for 24 h at 28°C were examined for capsules by dry Indian ink film methods (4) and for sudanophilic inclusions by Sudan black B stain (4). Evidence for twitching movement waS sought first on uncovered microcolonies with the aid of the Leitz PHACO 32X phase-contrast objective and then by examination of a thin film of liquid formed by placing a drop of sterile distilled water on the microcolony and compressing it under a sterile cover glass. Evidence of other forms of motility were sought in a hanging drop of a Tween 80 broth culture incubated at 28°C for 24 h.
Electron microscopy. AU specimens were examined with a Philips EM 300 transmission electron microscope. Cells of all strains were examined after negative staining with 1.0% phosphotungstic acid for 20 s. To search for flagella, colonies of actively twitching cells, grown on LWA for 24 h at 28"C, were covered with 0.1 ml of sterile distilled water. A nitrocellulosecoated copper grid was supported on 0.10-to 0.11-mmdiameter sterile glass beads above the colonies. After 1 h of incubation at 22"C, cells showed twitching motility on the nitrocellulose film surface. The cells were fixed with 1.0% osmium tetroxide in 0.2 M cacodylate buffer, pH 7.0, for 10 min. The grid was washed in distilled water, blotted dry, negatively stained, and examined. For the preparation of thin sections strain UQM 1981 was grown for 24 h in T80A at 28"C, fixed by the ruthenium red method of Luft (9), and embedded in Epon 812 epoxy resin. Sections were cut on a Reichert microtome OMU 2. Sections were stained in 4.0% uranyl acetate for 30 min and for 2 min in 1.2% lead citrate. Strains were critical-point dried by the method of Cagle (2) to demonstrate capsular polymer strands.
Colony morphology. Colony morphology was recorded on CYEA and T80A after growth at 28°C for 48 h.
Biochemical and physiological tests. All test media were inoculated from 24-h-old growth of each strain on T80A at 28°C. All test cultures, unless otherwise stated, were incubated at 28°C. Media cited by Skerman (13) were used for the following tests: growth in autotrophic medium for Nitrosomonas after 7 days; growth in N-free medium after 7 days; deposition of iron; hemolysis of horse blood after 7 days; urease; and serum liquefaction.
Growth on T80A for 24 h was used to test for catalase and benzidine production (13) . Gelatin hydrolysis was tested in Tween 80 broth with 25.0% gelatin incubated at 22°C for 31 days (13) . Medium T80A was used as the basal medium for hydrolysis, after 14 days, of cellulose, starch, and alginate (13) . The production of H2S after 14 days was detected with lead acetate paper strips suspended over the peptonecystine sulfate medium (13) supplemented with 1.0% Tween 80. Blood agar (13) heated at 75°C until it became chocolate brown was used to test decolorization of chocolate agar. The plates were inoculated and inspected after 7 days of incubation. Lecithin hydrolysis was tested on lecithin agar, which was inoculated and incubated for 7 days. A zone of opalescence around the colony indicated lecithin hydrolysis.
Other tests performed were the following: oxidation or fermentation of glucose (7); oxidase in cells grown on T80A for 24 h (17); indole production (1); L-tryptophane and L-phenylalanine deamination (1) ; nitrate reduction and reaction in triple sugar iron agar, both including 5.0% horse serum in the medium (1) Growth at different temperatures was tested on slants of T80A at 4, 15, 25, 28, 37, 41, and 45°C; slants were examined after 7 days. Growth in the presence of different salt concentrations was tested on T80A supplemented with 0.1, 0.5, 1.0, and 2.0% NaC1. Plates were inoculated and, after 48 h, were examined for growth. Growth at various pH's was tested on CYEA aseptically adjusted to the desired pH with sterile 1.0 M HC1 or 1.0 M NaOH after sterilization. Plates were inoculated and, after 48 h of incubation, were examined for microcolony formation. For anaerobic growth determinations, inoculated CYEA cultures were incubated for 48 h in a gas jar with an atmosphere of 10% C02-90% Ha. Utilization of sodium acetate, sodium
propionate, and glycerol was tested by the carbon utilization test methods and the mineral media of Stanier et al. (15) . Susceptibility to antibiotics. Disks produced by Mast Laboratories Ltd., Liverpool, England, were laid on T80A plates which had been surface inoculated with the test strains (5) and also with Staphylococcus aureus UQM 556 and Escherichia coli UQM 848 as standards for antibiotic susceptibility (18) . The disks used were: penicillin G, 4 U; chloramphenicol 25 pg; tetracycline, 10 pg; erythromycin, 5 pg; streptomycin, 10 pg; kanamycin, 30 pg; and neomycin, 10 pg. Where a test strain was shown to be moderately susceptible to an antibiotic, the test strain and the relevant control organism were checked again but on the same instead of different plates. 2400, and from these the melting temperatures were determined (11) . E. coli UQM 1803 DNA, with 51.7 mol% guanine plus cytosine (G+C) (16) , was used as the internal standard. The G+C content (as moles percent) was determined for each strain by means of a rearranged equation of Marmur and Doty (11) A 24-h-old growth of T80A was suspended in sterile distilled water to a density of 10' cells per ml for use as inoculum. To side-arm flasks containing 100 ml of CYEB, CYEB plus 1.0% Tween 80 or CYEB plus 1.0% filter-sterilized glucose, 5-ml amounts of inoculum were added. Flasks were incubated in an incubator shaker at 28°C. Density readings were taken over 24 h against a blank of CYEB (see Fig. 5 ).
RESULTS
The DNA base ratios of strains UQM 1981, UQM 1982, and UQM 1983 were 42.7 f 1.6,42.7 f 0.7, and 42.1 f 0.3 mol%, respectively, based on three analyses for each strain.
Morphologically, biochemically, and physio-
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Character/test Reaction logically, the three strains were identical ( Table   2 ).
The distribution of cells in a young microcolony on LWA is shown in Fig. 1 and 2 . Thin sections of cells are shown in Fig. 3 , and cells from LWA subjected to critical-point drying are shown in Fig. 4 . Actively twitching cells that were fixed and negatively stained showed no evidence of flagellation.
Colonies of all strains on CYEA were 2.0 to 3.0 mm in diameter, erose, flat, transparent, glistening, smooth, and butyrous; on T80A, the colonies were 2.0 to 3.0 mm in diameter, entire, low convex to umbonate, opaque, glistening, smooth, and butyrous. (UQM 1981 was mucoid. )
No measurable growth of any strain was produced in CYEB and CYEB plus 1.0% glucose.
The amount of growth produced on CYEB plus 1.0% Tween 80 by each strain is graphically illustrated by a sigmoid curve (e.g., see Fig. 5 ) .
DISCUSSION
Cells of Agitococcus Zubricus are coccoid, but larger, distended forms occur when the cells are filled with sudanophilic inclusions; the development of these forms is more pronounced in aging cells of T80A than on LWA. In Fig. 2 , a cell in the center of a microcolony (Fig. 2) shows the early appearance of these granules, which are found in most cells in old culture. Thin sections (Fig. 3) show large white areas once occupied by sudanophilic inclusions. Some bleblike evaginations of the cell wall are visible. The cell wall is characteristic of a gram-negative cell. Criticalpoint-dried preparations (Fig. 4) show strands of extracellular capsule polymer.
Twitching motility occurs on T80A and LWA surfaces, but it is more pronounced when the cells are sandwiched between a cover glass and the agar surface film.
The migration of cells on a solid agar surface is shown in the microcolony form on LWA (Fig.  l) , where the areas of the agar traversed by the migrating cells appear white against the gray background, characteristic of the slime trails of gliding bacteria. Occasionally, single cells migrate away from the edge of the colony. Migration is active on LWA and on CYEA but not on purpose; colonies develop in a manner similar to that of most other bacteria. In the process of primary isolation of another strain not included in this report, it was noted that on LWA coated with immiscible paraffin oil, microcolonies in and immediately adjacent to the oil droplets showed cells in close approximation, whereas microcolonies well separated from the oil showed the migratory pattern of Fig. 1 .
Although in the spreading microcolony the organisms described in this paper bore a striking resemblance to those featured by Winogradsky (20) for N. nitrosus, they showed no evidence of autotrophic growth in an ammonium sulfate mineral salts medium for Nitrosomonas and, in fact, show a great affinity for fats or fatty acid derivatives. The active twitching form of motility resembles that of the Moraxella-Acinetobacter group, but the cocci are larger and show little affinity to these genera. Also, there is no evidence of f i b r i a e of the kind reported to be implicated in the movement of cells of the foregoing group (6). In consequence of this, a new genus with a single species is proposed. This species is represented by only three strains isolated on different occasions from the same habitat. Fifteen other strains currently under investigation have the same morphological and cultural characteristics as the three strains reported here, but some differ considerably in their DNA base contents. These will be the subject of later communications.
Agitococcus gen. nov. (L. v. agito to shake; Gr. n. coccus a grain or berry; M.L. masc. n. Agitococcus shaking coccus) is described as follows: gram-negative cocci, 1.0 to 2.0 p m in diameter, which distend with sudanophilic inclusions in old cultures. 
